Integrating methods for ecosystem service assessment and valuation: mixed methods or mixed messages? Hattam, C.; Böhnke-Henrichs, A.; Börger, T.; Burdon, D.; hadjimichael, M.; Delany, A.; Atkins, J.P.; Garrard, S.; Austen, M.C. This version is distributed under a non-commencial no derivatives Creative Commons (CC-BY-NC-ND) user license, which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and not used for commercial purposes. Further, the restriction applies that if you remix, transform, or build upon the material, you may not distribute the modified material. Please cite this publication as follows: Hattam, C.; Böhnke-Henrichs, A.; Börger, T.; Burdon, D.; hadjimichael, M.; Delany, A.; Atkins, J.P.; Garrard, S.; Austen, M.C. (2015) Integrating methods for ecosystem service assessment and valuation: mixed methods or mixed messages?. Ecological Economics 120, p. 126-138 You can download the published version at: http://dx.Abstract 22
A mixed-method approach was used to assess and value the ecosystem services derived from the 23 Dogger Bank, an extensive shallow sand bank in the southern North Sea. Three parallel studies were 24 undertaken that 1) identified and quantified, where possible, how indicators for ecosystem service 25 provision may change according to two future scenarios, 2) assessed members of the public's 26 willingness-to-pay for improvements to a small number of ecosystem services as a consequence of a 27 hypothetical management plan, and 3) facilitated a process of deliberation that allowed members of 28 the public to explore the uses of the Dogger Bank and the conflicts and dilemmas involved in its 29 management. Each of these studies was designed to answer different and specific research 30 questions and therefore contributes different insights about the ecosystem services delivered by the 31 Dogger Bank. This paper explores what can be gained by bringing these findings together post hoc 32 and the extent to which the different methods are complementary. Findings suggest that mixed-33 method research brings more understanding than can be gained from the individual approaches 34 alone. Nevertheless, the choice of methods used and how these methods are implemented strongly 35 affects the results obtained. 36 37 1. Introduction 38
The concept of ecosystem services, the contributions of ecosystems to human well-being (de Groot  39 et al., 2010), is a useful approach for demonstrating the links between humans and the environment. 40 It is readily acknowledged that many of these services go unrecognised (or under-recognised) in the 41 environmental management process (Daily, 1997; Dasgupta et al., 2000) . Cumulative impacts and 42 trade-offs between them are overlooked (Phal-Wostl, 2007; Lester et al., 2010) . This often occurs 43 because they may be used indirectly, or enjoyed directly (but maybe unconsciously), but are not 44 traded through markets (Böhnke- Henrichs et al., 2013) . It may also result because the links between 45 environment and human well-being are indirect, occurring at different spatial and temporal scales 46 (Corvalan et al., 2005) . To overcome this problem, quantification and valuation of ecosystem 47 services has been advocated as a solution (e.g. Liu et al., 2010) . Valuation can be approached from 48 multiple perspectives, including ecological value (the degree to which an ecosystem component 49 contributes to an objective or condition such as an ecosystem service; Farber et al., 2002) , economic 50 value (often expressed in monetary terms; Brown, 1984) and socio-cultural value (or shared social 51 values obtained through social interaction, open dialogue and social learning; Stagl, 2004) . 52
Through assessment and valuation, the link between ecosystem services and human well-being is 53 made more explicit (Fisher et al., 2009) . Evidence of this link should therefore improve 54 environmental decision-making, ensuring valued ecosystems continue to deliver the services 55 essential to human well-being (Daily et al., 2009 ). Thus far, the many challenges involved in 56 ecosystem service assessments and valuations have limited their use (Laurans et al., 2013) , but 57 within many environmental management circles, including marine planning, there is a growing call 58 for wider ecosystem service assessment and valuation (e.g. Mooney to the authors exist that involve all these steps and apply them to multiple ecosystem services. Such 67 assessments, however, may be particularly useful for ecosystem management because they 68 facilitate the analysis of ecosystem service trade-offs made between alternative management 69 options or possible future scenarios. 70
Being based on suitable indicators, outcomes of ecological assessments reflect ecosystem change 71 (Hattam et al., 2015) . They demonstrate the ecological importance of the system and can also assist 72 with identifying the processes involved in ecosystem service supply (e.g. Cook et al., 2014) . This 73 facilitates the identification of drivers of change, which can also inform ecosystem management. 74
Ecological assessments allow the investigation of a broad range of ecosystem services based on 75 existing data. Hence they help identify and quantify the most important ecosystem services and 76 those most intensely affected by human activities in an area. It is important to note, that while 77 ecological assessments explore how the supply of ecosystem services change over time, they do not 78 provide information about the value of these ecosystem services to society. By quantifying expected 79 changes they can, however, inform the development and application of valuation studies that 80 explicitly aim to assess the social and economic value of the benefits derived from ecosystem 81 services. In an attempt to encourage ecological assessments of ecosystem services, guidelines to do 82 this have been produced by organisations and institutions (e.g. IPIECA, 2011; EU, 2014). 83
Economic valuation of ecosystem services 84
Economic valuation of the benefits from ecosystems is commonly the next step in the assessment 85 (Defra, 2007) . Economic valuation provides a common currency for units of value. This, it is argued, 86 provides a means for comparing the costs of environmental protection with the benefits generated, 87
and for comparing different management or policy goals, including environmental protection 88 (Balmford et al., 2002; Hanley and Barbier, 2009 
Alternatives to economic valuation 108
Economic valuation interprets private households as consumers of ecosystem services rather than as 109 citizens holding attitudes and values regarding the provision of ecosystem services for society 110 (Blamey et al., 1995; Orr, 2007 down the complexity of ecosystems to a service or range of services, and how that changes the way 124
we relate to and perceive nature; (ii) the fact that commodification of ecosystem services requires a 125 single exchange-value, which in turn denies the multiplicity of values attributed to these services (i.e. 126
there are values beyond monetary values that are important); and (iii) the fact that it reproduces 127 rather than addresses existing inequalities in the access to natural resources and services. 128
Non-monetary approaches such as deliberative group discussions (Wilson and Howarth, 2002) , 129
citizens' juries (Spash, 2007) and q-methodology (Pike et al., 2014) utilise group based activities and 130 participatory and deliberative approaches to attain detailed information about people's relationship 131
with the natural environment and the socio-cultural values they place on it (Christie et al., 2012) . 132
Deliberation can refer to two kinds of discussions: one that involves a group of people who through 133 deliberation carefully weigh reasons for and against some proposition, and another that involves an 134
interior process by which an individual weighs reasons for and against courses of action (Fearon, 135 1998 that multi-strategy approaches to research can bring more understanding than can be gained from 154 the individual approaches alone (Bryman, 2006) . Effort is therefore needed to understand how the 155 different approaches to ecosystem service assessment and valuation support each other, or not, as 156 the case may be. 157
Using the Dogger Bank (a shallow sandbank in the southern North Sea) as a case study, this paper 158 explores the complementarities between three approaches to ecosystem service assessment and 159 valuation: 1) an ecological assessment, which identified and quantified, where possible, indicators 160 for ecosystem services delivered by the Dogger Bank and explored how these services may change 161 according to two future scenarios, 2) a DCE, which assessed members of the UK public's WTP for 162
improvements to a small number of ecosystem services provided by the Dogger Bank as a 163 consequence of hypothetical management plans, and 3) a citizens' jury workshop that allowed 164 members of the UK public to explore the uses of the Dogger Bank and the conflicts and dilemmas 165 involved in its management. Complementarity analysis is just one approach to combining mixed 166 method data (see e.g. Brannen, 2005) , but is particularly suitable for data that have been collected 167 through different methods at the same time (Teddlie and Tashakkori, 2009 ). The exploration of 168 complementarities between these methods was undertaken retrospectively and was not planned as 169 part of the original study. The approach taken is therefore only an example of how a synthesis stage 170 could be undertaken. Ideally, integration should be planned from the outset with full understanding 171 of what is required of the integrating approach. The growing call for evidence-based policy and 172 practice however, combined with limited opportunities for primary data collection, suggests that 173 such retrospective synthesis of data pertinent to ecosystem service assessments and valuation may 174 become increasingly relevant. 175
By exploring the complementarities between the approaches used in this study, this paper "seeks 176 elaboration, enhancement, illustration, clarification of the results from one method with the results 177 from another" (Greene et al., 1989, p. 259) . It therefore addresses the following research questions: 178
To what extent do the different approaches used complement each other? How can the different 179 methods be used more effectively together? And how can the findings be better incorporated into 180 environmental management? 181
The paper is structured as follows. Section two introduces the Dogger Bank before providing a brief 182 description of the methods used in each sub-study and the approach used to explore the 183 complementarities between these methods. This is followed in section three by a presentation of 184 the results. The findings are then discussed in section four, with conclusions provided in section five. 185 186 2. Case study and methods 187
The Dogger Bank 188
Covering an area of 18,700 km 2 , the submerged sandbank of the Dogger Bank is located in the 189 southern part of the North Sea ( Figure 1 ). It is an important location for commercial fishing as well as 190 actual and potential energy generation. The UK government is planning the world's largest offshore 191 wind farm to be installed on its section of the Dogger Bank (Forewind, 2010) . It also provides a 192 number of other less recognised benefits, for example, it acts as a nursery ground for fish ( for this study. The three assessment and valuation studies then proceeded in parallel. The 212 exploration of complementarities was undertaken post hoc and was not originally foreseen during 213
the study development and planning phase. 214 215
Ecological assessment 216
The main aim of the ecological assessment was to explore which ecosystem services are subject to 217 change under different future scenarios. Indicators of ecosystem service quantity and quality were 218 developed for all ecosystem services identified as relevant for the Dogger Bank (for details see 219 Hattam et al., 2015) . For clarity and to facilitate the assessment, indicators of ecosystem services 220 (i.e. of ecosystem service supply) are considered distinct to indicators of ecosystem benefits (i.e. the 221 outputs of ecosystem services, created and derived by humans). Attempts were made to quantify 222 each of the indicators identified. The absence of appropriate data meant that indicators for only six 223 of the ecosystem services identified could be assessed (Table 1) 
Discrete Choice Experiment (DCE) 243
In the absence of market data for the majority of ecosystem services provided by the Dogger Bank, 244
primary valuation data were also collected through a survey with members of the public (Börger et  245 al Group about proposed fisheries management plans for the Dogger Bank (NSRAC, 2012). 253
Respondents were informed that management would regulate fisheries and wind farm development 254
(JNCC, 2011) and that these regulations would affect different aspects, or attributes, of the 255 ecosystem: overall species diversity; the protection of seals, porpoises and seabirds; and the spread 256 of invasive species. Respondents were asked to choose between the current, no cost situation and 257 different management scenarios, each with differing impacts on the ecosystem attributes and 258 associated implementation costs ( 
Diversity of species
Reducing or removing trawling in some parts of the Dogger Bank will:
• Increase the diversity of fish, invertebrates and other marine species • Enhance the natural functions provided by the Dogger Bank (contributing to the regulation of climate, maintenance of clean water and support of fish populations)
No change, 10% increase in species diversity, 25% increase in species diversity
Protection of porpoises, seals and seabirds
The Dogger Bank provides a natural home for porpoises and seals, and is a feeding ground for seabirds.
• These animals and birds are sometimes accidentally caught in fishing nets. • The use of harmful nets will be regulated or forbidden on some parts of the Dogger Bank meaning these animals will be better protected.
• Fishing vessels will not be banned from the whole area.
Not protected, protected on 25% of the Dogger Bank area, protected on 50% of the Dogger Bank area
Invasive species
The construction of wind turbines on the Dogger Bank provides space for invasive species, increasing the ability to spread elsewhere.
• They may affect the survival of species normally found there. • The higher the numbers of turbines and the closer they are, the greater the likelihood of invasive species becoming established.
Restricted spread, wide spread
Additional tax
Monitoring and enforcing the Dogger Bank management plan will be costly. The government therefore needs to raise additional funds through taxes.
• The tax is payable by all households in the UK for the next 5 years. • If the overall funds people are willing to contribute do not cover the cost of monitoring and enforcement, the plan cannot be put into action.
£0, £5, £10, £20, £30, £40, £60 267
Citizens' jury 268
As an alternative to economic valuation, a citizens' jury workshop on the Dogger Bank was held in 269
Newcastle, UK, in October 2013 with 19 members of the UK public. Participants were selected from 270 the database of a marketing company, according to particular criteria (e.g. age, gender, socio-271 demographic status). It was anticipated that there would be a lack of knowledge among workshop 272 participants about the Dogger Bank, and hence background information would need to be provided 273 to facilitate discussions. Accordingly, the workshop was based on the principles of a citizens' jury in 274 which expert witnesses are invited to state their case to a group of jurors selected from the general 275 public (Huitema et al., 2007) . Expert witnesses are people who are knowledgeable of the issue in 276 question or strong advocates of particular positions in the debate. After hearing all the witnesses' 277 accounts, the jurors (the participants) deliberate together on the issue in attempt to reach a 278 common 'verdict' or conclusion. As consensus-seeking processes may silence minority perspectives 279 (Travers, 1987) , the primary aim of the Dogger Bank workshop was not to get participants to arrive with discussions on the Dogger Bank management plan. After hearing the witness presentations, 289
participants were divided into four groups for two rounds of facilitated discussion. The first round 290
focused on "what does the ocean mean to you?", "what should we use the ocean for?", and "uses of 291
the Dogger Bank and the implications of this use". The second session focused on "conflicts and 292 dilemmas in the management of the Dogger Bank" and "ranking competing uses of the Dogger 293
Bank". Throughout the workshop, participants were reminded that the word 'use' was meant to 294 cover all things provided by the ocean and the Dogger Bank that respondents and society might find 295 of value or meaningful. This avoided the need to use the term ecosystem services and the discussion 296 of the meaning of ecosystem services that might result. More information about the workshop can 297 be found in Hattam et al. (2014) . 298
Exploration of complementarities 299
The synthesis of the findings from the above methods was undertaken once the results were 300 available from each stage. The three methods described were applied concurrently, which allowed 301 for a parallel track analysis (Teddlie and Tashakkori, 2009 ). Parallel track analyses are particularly 302 suited to exploring complementarities as the data are analysed at the same time and the findings 303 emerge together. This is the most common mixed analysis technique and "although the … sets of 304
analyses are independent, each provides an understanding of the phenomenon under investigation. 305
These understandings are linked, combined, or integrated into meta-inferences" (Teddlie and  306 Tashakkori, 2009, p. 266). 307
The first stage in the assessment was to explore the complementarities between methods 308 themselves and the way they were applied, rather than between the outcomes of those methods. 309
This involved examining the complementarities between the work steps taken in the application of 310 the methods, followed by a matrix cross-tabulation, in which each method was compared against a 311 set of criteria. Criteria ranged from what is being valued and how the value is expressed, to the types 312 of data used, the approach to data analysis and interpretation, the transferability of related 313 outcomes and the strengths and weaknesses of the methods. The second stage focused on the 314 complementarities between the results. This drew loosely on Greene (2007) and involved data 315 transformation, whereby the quantitative findings from the DCE were expressed as a narrative to 316 facilitate the comparison of mixed data types. Using matrix cross-tabulation, the relationships 317 between findings were examined. This focused on the convergences and divergences between the 318 findings and the trade-offs for management implied by them. The final stage in the assessment 319 involved the drawing of inferences and conclusions. This provides just one example of how to 320 explore the complementarities and combine the outputs of different methods. 321
Results 322
This section presents summary results for each method used. It emphasises the types of results 323 obtained and key findings only. Full details on how these results were derived can be found in 324 Hattam et al. (2014) and Börger et al. (2014b) . 325
Ecological assessment 326
Ecological indicators for this assessment were selected according to those that would best reflect 327
the quantity and quality of the ecosystem service provision. To quantify these indicators, ecological 328 assessments of ecosystem services as performed in this study require data relating to both the 329 functioning of ecosystems, as well as quantifying what species or habitats are present or absent. 330
While ecological data are available for the Dogger Bank, they are largely unsuitable for such 331 assessments being either insufficiently resolved spatially, incomplete, or poorly resolved and 332 understood in that area. If indicators could not be quantified, they were not replaced with inferior 333 indicators, the services were simply left unassessed. Limitations in data availability and knowledge 334 therefore restricted the possibilities for the ecological assessment of ecosystem services based on 335 secondary data. 336
Quantitative data were available to assess the current state of 20 indicators corresponding to six 337 ecosystem services. Modelled future projections, however, were only available for the indicators of 338 climate regulation (Butenschön and Kay, 2013) . Assessments of change are therefore primarily based 339 on the expert judgment of the multidisciplinary authors and mainly serve as an example of how 340 changes in ecosystem services may be measured. The main output of this assessment is a qualitative 341 statement of change (Table 3) for each of the ecosystem service indicators listed in Table 1.  342 Information obtained from these indicators represents only a partial account of the situation found 343 on the Dogger Bank. Where the assessment was based on expert judgment, or where indicators 344 were insufficiently supported by data for any kind of assessment, the results highlight data gaps and 345 areas for future study. 346
As might be expected, the B1 (Global Community) scenario presents a much more positive future 347 than A2 (National Enterprise) in terms of ecosystem service delivery ( Results show that the respondents hold significant values for environmental benefits generated by 370 the proposed management measures. Ecosystem attributes positively affect choice (i.e. the 371 probability that a management option is chosen over the business-as-usual option), while cost 372 negatively affects choice. These respective influences increase with the level of the attribute/cost. 373 WTP for the protection of porpoises, seals and seabirds was higher than for restricting the spread of 374 invasive species and general species diversity respectively. This implies that restrictions to fishing 375 using nets that protect these charismatic species are preferred to restrictions to fishing using bottom 376 trawling techniques that protect species diversity in general, as explained by the management 377 scenario that framed the choice tasks. 378
Respondents who are members of an environmental organisation and have previously taken a ferry 379 or flight over the North Sea prefer management measures for the Dogger Bank more often than 380 respondents without these characteristics. Holding attitudes that favour the introduction of a 381 management plan to protect species diversity and charismatic species also increases the WTP of 382 respondents for different increases in the corresponding attributes. In addition, random preference 383 heterogeneity is present that cannot be accounted for by respondent characteristics and attitudes. 
Citizens' jury 399
Deliberations between respondents allowed multiple views on the ocean and the Dogger Bank to 400 emerge. Participants were able to influence each other to generate new positions, with the shared 401 experience affecting the outcomes. Responses to the questions "what does the ocean mean to 402 you?" and "what should we use it for?" indicated the participants' views on the ocean as well as 403 concerns over its use. Remarks such as "the integrity of the ocean", "importance of the function of 404 the ecosystem", "the beauty of the natural environment", as well as use of words such as 405 preservation, sustainability, protection and responsibility highlight the importance of the ocean 406
beyond economic values. At the same time however, the importance of the economic uses of the 407 ocean was embedded in participants' understanding, as the ocean was also viewed as a "human 408 resource" and used for "getting the resource(s) [for humans]." 409
The key output of the citizens' jury workshop is an identification of discourses. A qualitative 410 discourse analysis of these deliberations identified two main themes: 411
• that fishing should be prioritised over wind farm development, and 412
• that conservation should be a priority, but with specific caveats. 413
The prioritisation of fishing arose from what was considered to be a lack of evidence supporting the 414 potential impacts or benefits arising from the construction of a wind farm on the Dogger Bank. It 415 also arose out of the perceived historical legitimacy of fishing ("Fishing has been in place for years … 416 I don't feel that they are going to impact now because they have been there for so long.") and the 417 ability of the expert fisheries witness to demonstrate the sustainability of the fishery on the Dogger 418 Bank. 419
Conservation was a thread in many of the discussions with participants recognising the intrinsic 420 value of the Dogger Bank. Conservation was not considered to exclude the use of the Dogger Bank 421 for economic purposes, but ensuring this use is balanced and sustainable was highlighted by jury 422 members. Many participants agreed that multiple activities should be allowed on the Dogger Bank 423 through a system of zoning supporting both economic and non-economic uses. However, they felt 424 that they lacked the information to discuss such zoning in more detail. 425
The deliberative exercises demonstrated the necessity for careful facilitation to ensure all views are 426 heard and to understand the ways in which participants influence each other. For example, 427 discussion uncovered that one of the participants worked in the energy management sector and was 428 knowledgeable about renewable energy. This participant suggested convincingly during the question 429
and answer session of the witnesses that offshore wind farms could lead to negative changes in 430 biodiversity without reducing electricity bills. In the absence of data proving otherwise, this 431 argument can be demonstrated to have influenced other participants' views on offshore wind farms. 432
Integration of findings 433
In drawing together the three datasets, it is important to acknowledge the limitations of each. For 434 example, the lack of quantitative data in the ecosystem service indicator assessment limits the 435 understanding gained from their assessment. Consequently, the outputs largely reflect the direction 436 of change indicated by the scenario narratives and the interpretation of the scenarios by the 437 researchers. In the discrete choice experiment, the use of management measures to frame the 438 choice experiment is novel, but makes interpretation of the results more challenging. It is not 439 entirely clear whether respondents make choices on the basis of the management measure or the 440 outcome of management (i.e. the attributes). The latter is more likely according to findings from a 441 think aloud exercise conducted during the survey testing stage. For the citizens' jury workshop, more 442 juries with different jurors and follow-up sessions with the same jurors would be needed to increase 443 the level of confidence in the findings, it is possible that a jury with different jurors could have 444 produced different results. Lastly, the size of the combined dataset is small, being based on only 445 three studies. Had this integration been planned from the outset, the three methods may have been 446 applied differently and additional or larger datasets sought. Despite these shortcomings, the 447 potential to learn more from the combination of the data requires further attention. This will help to 448 demonstrate the extent to which the data complement each other and whether a mixed methods 449 approach can overcome any of the weaknesses in the individual methods. 450 
Complementarities in work-flow 451

Complementarities between methods 463
In terms of methodological detail, Table 5 presents the matrix developed to compare across the 464 three methods applied in this study. Complementarities are explored in terms of values assessed, 465
what is being valued, the directness with which ecosystem services are addressed, information 466 sources used, level of engagement with the public, transferability of the results, the output units, 467
weaknesses and limitations, strengths (overcoming weaknesses) and complementarities. 468
The three method approach has allowed different values for ecosystem services to be assessed 469 supporting an assessment of the supply of ecosystem services (via the ecological assessment) and 470 the demand for some of these services (through the DCE and the citizens' jury). None of the 471 methods used capture all aspects of ecosystem service supply or demand, however. Despite drawing 472
across a diverse range of information sources, as found elsewhere (e.g. Liquete et al., 2013) there is 473 a bias towards services for which more data and understanding exist (e.g. food provision and carbon 474 sequestration). The bundling of services within the valuation stages also means the findings are hard 475
to interpret in terms of individual ecosystem services. The outcome is therefore a partial 476 understanding of the ecosystem services of the Dogger Bank and how they will change. 477
Nevertheless, the findings from the DCE and the indicators may be useful for similar assessments in 478 other locations. The results of the DCE are drawn from a national survey and therefore could be 479 used in benefit transfer, if applied to sites with comparable characteristics and facing similar 480 management scenarios (Richardson et al., 2014) . The indicators used in the ecological assessment 481 could also be transferred, but tailoring to different locations would be necessary. 482 
What is being valued?
Supply of individual ecosystem services.
Management and management outcomes. Demand for benefits arising from bundles of ecosystem services.
Activities/uses. Demand for environmental outcomes.
Output/unit
Units of quantity (e.g. tonnes of fish landed or available to be landed; tonnes of carbon sequestered) Units of quality (e.g. fish mortality rates, age profile).
Monetary values.
Discourses/ themes. Preference ranking.
Directly address ecosystem services?
Direct. Direct and indirect. Bundle of ecosystem services.
Indirect.
Bundle of ecosystem services.
Information sources
Literature a , expert opinion, ecosystem models, secondary data b.
Literature, expert opinion, preparatory interviews (with the public), survey data.
Literature, expert opinion (stakeholders), deliberation (with public).
Public engagement
No. Yes. Yes.
Transferability of results
Indicators may be transferred, but:
• may need tailoring to specific site;
• may respond differently in different sites.
Potential use of results in benefit transfer (when targeted to similar ecosystem type, management scenarios with defined ecosystem services).
Findings are specific to location/issue of interest.
Weaknesses/ limitations
Some ecosystem services easier to quantify and assess than others, leading to bias in findings. Absence of appropriate data limits applicability, especially in the marine environment.
Limited understanding of why one attribute favoured over others. Focuses on limited number and bundled ecosystem services. Meaning of monetary values influenced by questionnaire design. Bundling of services limits understanding of trade-offs. Communicating ecosystem services is challenging.
Links to ecosystem services are weak. Influenced by: workshop design, witnesses and information provided, more knowledgeable participants. Communicating ecosystem services is challenging.
Assessment method Ecological assessment Discrete choice experiment Citizens' jury
Strengths (overcoming weaknesses)
Focus on multiple ecosystem services, provided data/literature and experts are available.
Provide monetary estimates of ecosystem services value relevant to cost-benefit analysis.
Provides in depth understanding of theme/discourse emergence.
Method complementarity
Provides broad picture of ecosystem service change.
Helps identify ecosystem services suitable for valuation. All ES considered equal. Combined with preference data, useful for exploration of mismatches between ecosystem services supply and demand.
Provides monetary value estimates for ecosystem services with no market value.
Captures detail of people's priorities not reflected in monetary valuation.
The strengths of each of the methods help identify where the methodological complementarities lie. 484
The scope of the ecological assessment has the potential to be broad and can therefore offer a more 485 rounded assessment of how ecosystems and the services they deliver may change as a result of 486 human action or environmental variability. It thus provides insights on the capacity of an ecosystem 487 to generate ecosystem services and it can also direct where it may be more useful to focus valuation 488 studies. Both the DCE and the citizens' jury help understanding society's demand for ecosystem 489 services and how changes resulting from management actions may be valued. In the case of the DCE, 490 these outputs generate information on the contribution of ecosystem services to human well-being 491
and into the hierarchy of preferences for ecosystem services. DCE outputs may also be used in cost-492 benefit analysis. The information obtained from the citizens' jury can augment these findings by 493 providing greater understanding of why people hold the priorities that they do. Combining the three 494 methods can be used to explore mismatches between ecosystem service supply and demand, and 495
consequently identify any trade-off that may be necessary or preferable to make through 496 environmental policy and ecosystem management. 497
Complementarities between results and the trade-offs implied 498
Identifying complementarities between the results of the three methods is challenging, given the 499 limited size of the dataset and some of the limitations present in how the individual approaches 500
were applied. Nevertheless, some complementarities are apparent between the findings, as are 501 implied trade-offs (Table 6 ). Overlap between the three methods focuses on the impacts of 502 management activities on fisheries, wind farm construction and conservation measures. The 503 exploration of complementarities therefore concentrates on this overlap. 504
In the context of conservation issues, preferences for the supply and demand for ecosystem services 505 appear to move in the same direction. The DCE and citizens' jury both indicate preferences for 506 conservation, especially of charismatic species. This in turn indicates a preference for the outcomes 507 of the B1 (Global Community) scenario of the ecological assessment. Conservation measures on the 508 Dogger Bank will in part be delivered through fisheries management (NSRAC, 2012) and here there is 509 implied disagreement between the findings. The ecological assessment indicates that the closure of 510 fisheries would be beneficial for ecosystem services supplied by the Dogger Bank (scenario B1). The 511 DCE results suggest that restrictions to net fishing would be preferred over restrictions to bottom 512
trawling. This means that preferences for conservation of charismatic species would be met, but 513 bottom trawling would continue to deliver fish but with no benefit to species diversity. In contrast, 514 the outcomes of the citizens' jury suggest that, in terms of use of the Dogger Bank, fishing should be 515 prioritised over other uses as a result of historical legitimacy. 516
In terms of wind farm construction the picture is less clear. The B1 scenario would see a substantial 517 increase in the number of wind turbines constructed on the Dogger Bank (while the A2 scenario 518
would only see some increase). While the acceptability of offshore wind farms was not assessed in 519 the DCE, the relationship between offshore wind farms and fisheries has implications for the supply 520 of fish. Fishing does not usually occur in wind farming areas, due to concerns over gear 521 entanglement and infrastructure damage (Mackinson et al., 2006) . Any increase in wind farm extent 522 will therefore reduce fishing opportunities, in partial contradiction with the preferences expressed in 523 the DCE results and complete contradiction with those from the citizens' jury. 524
Despite these apparent contradictions in findings, the methods do offer complementarities. Both 525 DCE and the citizens' jury lend support to management aimed at achieving the B1 scenario of the 526 ecological assessment and not the A2 scenario. Furthermore, they provide enhanced understanding 527 of why this is the case. The DCE and the citizens' jury findings also largely agree, but the partial 528 disagreement is illustrative of the complexity behind people's understanding of and demands for 529 fisheries management. Where partial agreements or disagreements between findings occur, this 530 indicates areas where trade-offs may arise when management decisions are taken. It highlights a 531 mismatch between the supply and demand for ecosystem services in an area. The main trade-off 532
implied by this work is in the context of fisheries restrictions and the interaction between fisheries 533 and wind farms. 534 535 
Discrete choice experiment
WTP for charismatic species and species diversity conservation.
WTP for conservation of charismatic species greater than for species diversity.
Preference for net fishing restrictions over restrictions to bottom trawling.
Preferences for or against wind farms not directly assessed.
Respondents WTP for responsible wind farm design that limits invasive species.
Citizens' jury
Conservation a priority, although with caveats.
Fisheries considered historically legitimate.
Fisheries preferred over wind farms. hindered by inadequate knowledge and lack of data (Townsend et al., 2014) . Applying a mixed-547 method approach may therefore provide useful insights by delivering a more comprehensive 548 understanding. 549
Do the methods complement each other? 550
Three key areas of complementarities have been explored: between the work-stages of each 551 method, between the methods themselves and between the findings. Complementarity between 552 work stages is apparent, but this largely depends upon the communication within the 553 multidisciplinary research team. In this case different aspects of the work did feed into each other, 554
for example, sharing of preparatory semi-structured interviews between the DCE and citizens' jury, 555
the use of multidisciplinary teams to develop scenarios and ensure ecological content validity in the 556 DCE and citizens' jury. 557
In terms of methodological complementarity, the different stages of the assessment can be used to 558 enhance each other. For example, the data gaps emerging from the ecological assessment were 559 used to direct the DCE and citizens' jury, and each method covers a different aspect of value and 560 more or fewer ecosystem services. Despite limitations in data availability, the ecological assessment 561 was the broadest in scope. In contrast, the DCE and citizens' jury provided greater detail about more 562
focused topics and particularly about demands for different ecosystem services or management 563
outcomes. The ecological assessments help to identify how those demands might be met.. 564
The findings from the Dogger Bank case study show complementarities between results. 565 Conservation priorities were clearly demonstrated in the DCE and citizens' jury. This supports 566 management actions that would lead to the more conservation focused scenario (B1 Global 567
Community), which suggests a more positive future for ecosystem services. Even where divergence 568 between findings is apparent (i.e. in the case of fisheries priorities), complementarities are evident 569 as the outcomes from the citizens' jury improve understanding of why this divergence occurred. 570
Potential mismatches between supply and demand for ecosystem services are highlighted, as are 571 possible conflicts between management objectives desirable from an ecosystem perspective (e.g. 572
fisheries closures) and those preferred by society (e.g. fish). The outcome is a more comprehensive 573
understanding of the complex issues relating to the management of the Dogger Bank, which may 574 better inform decision-making. Bank and can be used to infer societal demand for ecosystem services beyond their economic value. 585
Only by applying the different methods do the trade-offs between the supply of ecosystem services 586 and the different demands for ecosystem services become apparent. 587
Applying the methods more effectively: lessons learnt 588
The findings from the three distinct methods applied here suggest a mixture of messages. These 589 raise a number of issues that need to be considered if greater integration of findings is to be 590 achieved from similar studies in future. Lessons include the need to plan for integration; the need 591 for better understanding of what integrating involves; the limitations of data availability; and the 592 need to carefully consider the use of scenarios across the approaches. 593
Planning for mixed method integration 594
Method integration requires planning from the outset. Greater complementarity could have been 595 found with different method combinations (i.e. using other methods than those applied here or 596 applying the same methods in different ways). For example, the citizens' jury discussions could have 597 been conducted differently with additional deliberative sessions or information from different 598 witnesses provided to participants. Ecosystem services could have been focused on more explicitly 599 to allow greater comparability to the DCE. In the DCE, ecosystem services could have been 600 decoupled from the management scenarios and focused more clearly on the ecosystem service 601
indicators used in the ecological assessment. The bundling of services in the DCE made the valuation 602 outcomes harder to interpret and only indirectly addresses potential future changes in the provision 603 of ecosystem services. To some extent context influenced design of both the DCE and the citizens' 604 jury. Respondents' unfamiliarity with the Dogger Bank necessitated simplification, and consequently 605
bundling, that may be unnecessary in more familiar settings. The design and focus of individual 606 studies and any integrating stage therefore requires very careful co-planning to minimise unwanted 607 divergence. 608
Understanding data integration 609
Understanding what is needed for data integration could also influence the way in which individual 610 valuations are undertaken. For example, greater emphasis could be placed on quantitative rather 611 than qualitative data collection, or different approaches to integration could be used. 612
Complementarity mixed-methods studies are typically used to measure different as well as 613 overlapping aspects of the same issue. Other approaches, such as triangulation, require that 614 different methods are used to study the same issue (Green et al., 1989) . In situations where 615 additional numerical data are available, quantitative integration may be possible. Martín-López et al.
616
(2014) draw on multiple quantitative data sources to which, once standardised, they apply principal 617 component analysis to identify the relationships between biophysical, socio-cultural and monetary 618 values. Ecosystem service assessment and valuation researchers may be able to learn lessons from 619 disciplines where application and integration of mixed-methods is more commonplace (e.g. Greene 620
2007; Teddlie and Tashakkori, 2009). 621
Impacts of data limitations 622
The availability of suitable data hindered all methods used in this study, but in particular the 623 ecological assessment. This absence of data, especially prevalent in the marine environment, 624 presents a difficulty for future assessments. It is recognised as one of the main challenges for the 625 incorporation of ecosystem service assessments and valuation into marine planning (Börger et al., 626 2014a). The gaps identified here indicate where future monitoring effort is needed if ecosystem 627 services are to be incorporated into marine management for the Dogger Bank. 628
The absence of appropriate information for the citizens' jury also affected the ability of members of 629 the public to discuss the uses and benefits of the Dogger Bank, and how the Dogger Bank should be 630 managed. Despite providing participants with background information and experts to question, they 631 still felt they had insufficient information to make informed decisions. Follow-up sessions are 632 needed with the same participants to allow them to reflect on the information they have received 633
and allow further discussion, as well as additional workshops with different participants (e.g. 634 Abelson et al., 2003) . This would enrich the data from the citizens' jury and provide increased 635 confidence in the results. 636 Improving the effectiveness of complementary studies requires not only improvement in the input 637 data used in the different methods, but also increased generation of data from the application of 638 different methods. Additional economic valuation, through DCE surveys or other methods, is needed 639
to cover a wider range of ecosystem services. For example, Martinez-Lopez et al. (2014) draw on 640 seven monetary valuation studies covering nine ecosystem services. This suggests an opportunity for 641 benefit transfer, however, benefit transfer may present challenges for integration, if the data are 642 being used for a purpose that is different to that for which the data were originally collected. 643
Alternatively, the outcomes of complementarity studies such as this could be used to focus future 644 ecosystem service assessments and valuations of the same study site. This would enable 645 complementarities or divergences emerging from the first cycle to inform the next. For example, the 646 preferences highlighted by DCE and the citizens' jury could be used to focus future ecological 647 assessments and modelling efforts. Any divergences apparent between methods could form the 648 focus of deliberations in a future study or inform economic valuations such as DCEs. 649
Mismatches between scenarios used 650
Future scenarios were incorporated into each of the three methods used in this study. A mismatch is 651 apparent, however, in the time-frames used. The ecological assessments considered changes to 652 2050, a relatively short time-frame for ecological change, while the DCE and the citizens' jury 653 explored change in the near future (undefined in the citizens' jury and over the next five years for 654 the DCE). This mismatch results from the very different time-frames suitable for the different 655 approaches. While for ecological assessments a five year time frame is in most cases too short for 656 any change to become apparent, a 50 year period is far too long for workshop or survey participants 657 to be able to assess. Furthermore, preferences are unlikely to be stable over such a long period 658 meaning resulting preference data may be too uncertain for use in long-term environmental 659 management. 660
This mismatch is not necessarily a problem and is potentially a strength of mixed-method 661 approaches. The implications of current actions needed to achieve future ecological outcomes and 662 the trade-offs they imply can be more easily evaluated through mixed-method approaches. In 663 addition, if accompanied by biological/ecological monitoring and updated assessments of societal 664 and individual preferences, management could be adapted to better achieve desired goals. This 665 would ensure ecosystem management is responsive not only to environmental change but also to 666 changing preferences or societal demand. 667 668 669
Conclusion: better supporting marine management 670
Growing use of the marine environment demands careful spatial planning (Douvere, 2008; Douvere 671 and Ehler, 2009). The integration of findings from different ecosystem service assessment and 672 valuation approaches can highlight complexities relating to management outcomes (e.g. for the 673 Dogger Bank in relation to fishing) that would not become apparent using a single method approach. 674
The combination of an ecological assessment (describing the supply of ecosystem services) with a 675 DCE and a citizens' jury (that assess ecosystem service demand) identified areas where mismatches 676 may occur between ecosystem service supply and demand in the future. This study has also 677 highlighted potentially contentious issues (e.g. fisheries management) that will require careful 678 consideration if societal demands are to be balanced with conservation needs. 679
There will always be trade-offs between improving approaches to ecosystem service assessments 680 and having the resources to cover all relevant aspects of such assessments. Including an integration 681 stage at the end of ecosystem service assessments may allow researchers and funders to obtain 682 greater understanding from their data. It may therefore prove a powerful tool for supporting 683 environmental management decisions. As shown in this case study, mixed methods approaches can 684
(and probably most likely will) generate mixed messages. Where those mixed messages are 685 understood as challenges or used to focus ecosystem management, the full potential of mixed 686 methods approaches can be utilised, offering more than single method approaches can deliver. 687 688 Acknowledgements 689
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